Combined Cycle Power generation 



Introduction 



Power generation is essential to a country's commerce and industry. As the demand 
for power increases, more efficient power generation systems are developed. The 
growing environmental concern especially with regards to carbon emission also leads 
to emphasis on cleaner power generation systems. Combined cycle power 
generation is one such system that is gaining popularity among nations. Combined 
cycle power generation accounts for up to 49% of Singapore's power generation 
capacity (1). 




Senoko combined cycle power plant (2). 
Senoko Power has 5 combined cycle plants with output totalling 1945MW (3). 
This report aims to look into the main features of the combined cycle power 
generation system and its relevance to energy efficiency. 
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Main features 

Combined cycle power generation combines 2 cycles for operation, namely the gas 
turbine cycle and the vapour power (or steam turbine) cycle. 

In a gas turbine power plant, natural gas and compressed air undergo combustion. 
The resultant high pressure gas drives the gas turbine which in turn produces 
electricity. Although it is clean and fast in starting up, the gas turbine power plant 
suffers from low thermo efficiency of about 25 to 30% (4). Much of the energy is 
wasted in the form of gas turbine exhaust. 

The combined cycle power generation makes use of the merits of the high 
temperature (1100 to 1650°C) gas turbine cycle and the lower temperature (540 to 
650°C) steam turbine cycle (5). The hot exhaust gas from the gas turbine, instead of 
being released as waste, is captured and channelled to the steam turbine where 
steam is heated by the exhaust to drive the turbine. 
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The diagram below shows the flow schematic of the combined cycle plant (6). 
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A combined cycle power plant consists of two main parts: the gas turbine plant and 
the steam turbine plant. 

In the gas turbine plant, atmospheric air enters through the compressor and into the 
combustor (or combustion chamber) where fuel (usually natural gas) is added. 
Combustion takes place and the hot gas drives the turbine, which in turn drives the 
generator and produces electricity. 

The hot flue gas from the gas turbine enters a heat exchanger, sometimes known as 
heat recovery boiler (7) or heat recovery steam generator (8), where it is used to heat 
up the steam. The superheated steam is then used to drive the steam turbine which 
in turn drives the generator to produce electricity. The exit steam from the steam 
turbine goes through a condenser and then back to the heat exchanger where the 
cycle repeats itself. 

There are various types of combined cycle power generation, some of them are 
combined cycle with supplementary firing, combined cycle with regeneration, 
combined cycle with feedwater heating, combined cycle with multipressure steam 
cycle and combined cycle for nuclear power plants (9). 
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Relevance to energy efficiency 

Carnot efficiency is given by 

n = — — - 

T 

1 H 

where T H is the temperature of the hot reservoir (ie the input gas temperature) and 

T c is the temperature of the cold reservoir (ie the output gas temperature). On its 

own, the Carnot efficiency of a gas turbine cycle is poor as the T c , which is the flue 
gas temperature, is still relatively high at about 540°C (10), thus explains its poor 

thermal efficiency. In the case of a combined cycle, the T c is actually the waste 
heat temperature at the steam cycle's condenser which is lower than that of the gas 
cycle, thus a combined cycle has a higher Carnot efficiency. 

The combined cycle has a better thermal efficiency compared to either of gas turbine 
cycle and steam turbine cycle individually. The thermal efficiency of a combined cycle 
is given by 
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where ^f^ sas is the net power produced by the gas turbine, W sttiam is the net 

power produced by the steam turbine, and Q in is the rate of heat transfer to the gas 
turbine (11). 
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A more detailed working on the thermal efficiency of the combined cycle power 
generation system is given below: 

Thermal efficiency of gas turbine plant: 
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Heat supplied to the steam plant, which is also the heat exhaust from gas plant: 

4 st =0—r/ gt )q gt 
Thermal efficiency of steam turbine plant: 
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Shaft work for steam turbine: 
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Thermal efficiency of combined cycle plant: 
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The notations are as follows: 

?% t thermal efficiency of gas turbine plant 

rg t thermal efficiency of steam turbine plant 

f%., t thermal efficiency of combined cycle plant 

q st heat supplied to gas turbine plant 

q st heat supplied to steam turbine plant 

w st shaft work by gas turbine plant 

w st shaft work by steam turbine plant (12) 



Thermal efficiency of a power plant measures how effective it can convert heat 
energy into work which is then converted to electrical output. As such, it is an 
important measure for power plant. Also, an efficient system uses less fuel, thus 
incurring lower fuel cost and lower operating costs for the plant. (13) 
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Advantages 

A combined cycle power generation system offers many advantages. 

As most combined cycle generation systems use natural gas as the fuel, the 
environmental emissions are low. There is less pollution produced compared to 
conventional steam or gas turbine power plants (14). As such, complex and 
expensive environmental control systems are not needed (15). Transportation of fuel 
via pipelines is also easier than that of coal and oil. 

The gas turbine portion of the combined cycle system is easy to install. This means a 
short schedule of about 1 year from order to operation while the steam turbine 
portion can operate within another year (16). This can provide the grid with power 
earlier than with other systems. 

The combined cycle power generation system also offers quick part-load starting. For 
example, the GE Model-7000 gas turbine is able to produce maximum output of 
198MW within 30 minutes while the steam turbine portion takes about an hour to 
operate from a cold start. It can operate over a wide range of loads and is suitable for 
meeting peak power requirement and also base load (17). Supplementary firing can 
be used to increase steam turbine output in times of increased output demand. On 
the other hand, the gas turbine can be stopped when there is a decrease in demand 
(18). 
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It is also cheaper to build a combined cycle power plant than coal, nuclear or 
renewable energy power plant (19). Its capital cost is lower than that of steam turbine 
plant (20). 

Disadvantages 

The combined cycle power generation system is not without its disadvantages. 

As natural gas is the fuel used, its higher cost compared to coal and oil will result in 
higher operating cost (21). The system is also less flexible with regards to the types 
of fuel to be used, thus this limit in resources means the supply of fuel is critical to the 
plant's operation (22). 

Also, the combined cycle power generation system is a combination of two 
technologies, the complexity will result in higher maintenance cost (23) and also it will 
require highly skilled and better trained operating staffs (24). 

The capital cost of a combined cycle power generation plant is higher than that of 
gas turbine plant (25). 
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Future 



There are many power generation systems available in the world. Although nuclear 
power plants are clean and efficient, they are expensive and complex. They are also 
less easily accepted by the population due to the experience of the Three Mile Island 
and Chernobyl incidents. On the other hand, combined cycle power plants offer 
flexibility in terms of size and outputs, and are faster to build than nuclear power 
plants. The ability to increase and decrease output on demand gives combined cycle 
power plants an upper hand in the competitive power markets (26). 

The Earth's supply of natural gas has been estimated to last 70-100 years (27), and 
as long as natural gas price remains low, combined cycle power generation will have 
the competitive edge against other forms of generation. Also, with advancement in 
technology, the capital cost of combined cycle generation has dropped from US$600/ 
kW in 1990 to less than US$350/kW today (28). 

Studies in the United Kingdom have also predicted that by 2050, 40 - 50% of UK's 
power supply will be dominated by combined cycle power plants (29). 

From these, with continual improvement to the system, we can see that combined 
cycle power generation will become the mainstay in the power industry for at least 
the next few decades. 
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